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Abstract: We suggest a new particle model based on the symmetry group SU(3)C⊗
SU(2)L ⊗ SU(2)L′ ⊗ SU(2)R ⊗ U(1)B-L ⊗ SU(3)F ⊗ U(1)N . The family symmetry
and the high-energy left-handed and right-handed isospin subgroups are respectively
broken by some flavon and Higgs fields one after another. At the low-energy scale the
super-heavy fermions are all integrated out, the model finally leads to an effective
theory with the standard model symmetry group. After the electroweak breaking
all the fermion mass matrices are elegantly characterized only by six parameters.
The model can perfectly fit and explain all the current experimental data about the
fermion masses and flavor mixings, in particular, it finely predicts the first generation
quark masses and the values of θ l13 , 〈mββ〉 , J
l
CP in neutrino physics. The results are
all promising to be tested in future experiments.
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I. Introduction
The precise tests for the electroweak scale physics have established plenty of
knowledge about the elementary particles [1]. The standard model (SM) has been
evidenced to be indeed a very successful theory at the current energy scale [2].
However, one of the SM defects is that too many parameters exist in the Yukawa
sector. This leads that fermion masses and flavor mixings seem intricate and ruleless.
The researches on this field always attract great attention in particle physics[3].
In particular, during the past decade a series of new experiment results about B
physics and neutrino physics tell us a great deal of information about flavor physics
[4]. What deserves to be paid special attention are some facts as follows. The mass
spectrum of quarks and charged leptons emerges a large hierarchy, which ranges
from one MeV to a hundred GeV or so [1]. The left-handed neutrinos have been
verified to have non-zero but Sub-eV masses [5], nevertheless, that their nature is
Majorana or Dirac particle has to be further identified by experiments such as 0νββ
[6]. On the other hand, the flavor mixing in the quark sector is distinctly different
from that in the lepton sector. The former has small mixing angles and its mixing
matrix is close to an unit matrix [7], whereas the latter has bi-large mixing angles
and its mixing matrix is close to the tri-bimaximal mixing pattern [8]. In the lepton
mixing, it is yet in suspense whether sinθ13 is zero and the CP violation vanishes
or not [9]. These impressive puzzles are always expected to be explained by new
theories beyond the SM. The issues in the flavor physics implicate great significance.
They are not only bound up with origin of matter in the universe [10], but also they
are possibly in connection with the genesis of the matter-antimatter asymmetry and
the original nature of the dark matter [11].
Any new theory beyond the SM has to be confronted with the diverse intractable
issues mentioned above, however, Some theoretical models have been proposed to
solve them [12]. For instance, the Froggatt-Nielsen mechanism with U(1) family
symmetry can account for mass hierarchy [13]. The discrete family group A4 can
lead to the tri-bimaximal mixing structure of the lepton mixing matrix [14]. The
non-Abelian continuous group SU(3) is introduced to explain the neutrino mixing
[15]. By means of the family group SO(3) in [16], the model accommodates success-
fully the whole experimental data of quarks and leptons. In addition, some models
of grand unification (GUT) based on SO(10) symmetry group can also give some
reasonable interpretation for fermion masses and flavor mixings [17]. Although these
models seem successful in explaining some flavor problems, it seems very difficult
for them to solve all the flavor problems all together. It is especially hard for some
models to keep to the principle of the smaller number of parameters. It remains to
be a large challenge for theoretical particle physicists to uncover these mysteries of
the flavor physics.
In this works, we consider a new approach to solve the above problems and
construct a model with fewer parameters. First of all, we believe that there is some
inherence relations among all kinds of fermion mass and mixing parameters. The
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family symmetry SU(3)F , which is a family symmetry group of the three generation
fermions, is appropriate for seeking the relations. In addition, we introduce some
super-heavy fermion and flavon fields which appear only at the high-energy scale.
They have Yukawa couplings with the low-energy fermions of the SM. The different
super-heavy fermions are distinguished by an appended Abelian group U(1)N . On
the other hand, the left-right symmetry group SU(3)C⊗SU(2)L⊗SU(2)R⊗U(1)B-L
is theoretically well-motivated extension of the SM symmetry group [18]. We extend
the left-right symmetry group to include a new subgroup SU(2)L′, which is a high-
energy isospin symmetry group of the left-handed super-heavy fermions. The model
goes through three steps of breakings. The family symmetry SU(3)F ⊗ U(1)N is
firstly broken at the flavon dynamics scale. It is accomplished by means of the
flavon fields developing the special vacuum structures. Secondly, the subgroups
SU(2)L′ ⊗ SU(2)R ⊗ U(1)B-L are broken at the middle energy scale. Lastly the
electroweak symmetry is broken at the electroweak scale. The last two breakings are
implemented respectively by the arranged high-energy and low-energy Higgs fields.
After integrating all the super-heavy fermions out, the low-energy effective theory is
elegantly obtained. All the fermion mass matrices are clearly given and characterized
only by the six parameters. Finally, the theoretical structures of the model can
naturally give rise to the correct fermion mass spectrum and flavor mixing angles.
All the numerical results are very well in agreement with the current experimental
data.
The remainder of this paper is organized as follows. In Section II we outline the
model. In Sec. III, the symmetry breaking procedure is introduced and the fermion
mass matrices are discussed. In Sec. IV, we give the detailed numerical results
about the fermion masses and flavor mixings. Sec. V is devoted to conclusions.
II. Model
We now outline the model. It is based on the symmetry group SU(3)C⊗SU(2)L⊗
SU(2)L′⊗SU(2)R⊗U(1)B-L⊗SU(3)F ⊗U(1)N . Among them, SU(3)C and SU(2)L
are the color and left-handed weak isospin subgroups of the SM at the low energy
scale. The subgroups SU(2)L′ ⊗ SU(2)R ⊗ U(1)B-L are the left-handed and right-
handed isospin and B-L symmetry group at the high energy scale. The family sym-
metry at the higher energy scale is characterized by the subgroups SU(3)F ⊗U(1)N .
The particle contents and their quantum numbers under the model symmetry group
are listed as follows. The low-energy matter fermion fields are
QL =
(
uiL
diL
)
α
∼ (3, 2, 1, 1,
1
3
, 3, 0) , QR =
(
uiR
diR
)
α
∼ (3, 1, 1, 2,
1
3
, 3, 0) ,
LL =
(
νL
eL
)
α
∼ (1, 2, 1, 1,−1, 3, 0) , LR =
(
νR
eR
)
α
∼ (1, 1, 1, 2,−1, 3, 0) , (1)
where the letters α and i are respectively family and color indices. The left-handed
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and right-handed fermion fields are in the respective doublet representations under
the subgroups SU(2)L and SU(2)R . The quarks and leptons are respectively triplet
and singlet under the color subgroup SU(3)C , and also they have the different B-L
quantum numbers. In any case, the three generation fermions are in 3 representa-
tion of the family subgroup SU(3)F , moreover, they don’t have any charges of the
subgroup U(1)N .
We introduce some super-heavy fermion fields as follows, all of which are pos-
sessed the super-heavy masses and appear only in the very high energy circum-
stances. The super-heavy quarks are
η0L ∼ (3, 1, 2, 1,
1
3
, 3,−1) , η0R ∼ (3, 1, 1, 2,
1
3
, 3,−6) ,
η1L ∼ (3, 1, 2, 1,
1
3
, 3, 0) , η1R ∼ (3, 1, 1, 2,
1
3
, 3,−1) ,
η2L ∼ (3, 1, 2, 1,
1
3
, 3, 1) , η2R ∼ (3, 1, 1, 2,
1
3
, 3,−2) ,
η3L ∼ (3, 1, 2, 1,
1
3
, 3, 2) , η3R ∼ (3, 1, 1, 2,
1
3
, 3,−4) ,
η4L ∼ (3, 1, 2, 1,
1
3
, 3, 4) , η4R ∼ (3, 1, 1, 2,
1
3
, 3,−3) ,
η5L ∼ (3, 1, 2, 1,
1
3
, 3, 3) , η5R ∼ (3, 1, 1, 2,
1
3
, 3,−5) , (2)
and the super-heavy leptons are
ξ1L ∼ (1, 1, 2, 1,−1, 3, 0) , ξ1R ∼ (1, 1, 1, 2,−1, 3,−1) ,
ξ2L ∼ (1, 1, 2, 1,−1, 3, 1) , ξ2R ∼ (1, 1, 1, 2,−1, 3,−2) ,
ξ3L ∼ (1, 1, 2, 1,−1, 3,−2) , ξ3R ∼ (1, 1, 1, 2,−1, 3,−4) ,
ξ4L ∼ (1, 1, 2, 1,−1, 3, 2) , ξ4R ∼ (1, 1, 1, 2,−1, 3,−3) ,
ξ5L ∼ (1, 1, 2, 1,−1, 3, 5) , ξ5R ∼ (1, 1, 1, 2,−1, 3,−5) . (3)
In comparison with the super-heavy quark fields, the super-heavy lepton fields have
not the ξ0L and ξ0R terms. All the super-heavy fermions are singlets under SU(2)L.
Their left-handed fields are doublets under the left-handed isospin group SU(2)L′ ,
meanwhile, the right-handed fields are doublets under the right-handed isospin group
SU(2)R . Each super-heavy fermion fields has their respective quantum numbers of
U(1)N . However, their color, B-L and family quantum numbers are the same as
those of the low-energy fermions.
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The Higgs fields in the model include
H =
(
H02 H
+
1
H−2 H
0
1
)
∼ (1, 2, 1, 2, 0, 1, 0) ,
Θ =
(
Θ0
Θ−
)
∼ (1, 1, 1, 2,−1, 1, 0) ,
Ω1 ∼ (1, 1, 2, 2, 0, 1,−1) , Ω2 ∼ (1, 1, 2, 2, 0, 1,−3) ,
Ω3 ∼ (1, 1, 2, 2, 0, 1, 6) , Ω4 ∼ (1, 1, 2, 2, 0, 1, 0) ,
Ω5 ∼ (1, 1, 2, 2, 0, 1, 2) . (4)
In addition, we also introduce Ω˜i = τ2Ω
∗
i τ2 (i = 1, 2, · · · , 5). Here and thereinafter
τ1, τ2, τ3 are Pauli matrices. The Higgs field H is responsible for the electroweak
symmetry breaking at the low-energy scale. The Higgs fields Θ and Ωi play roles in
breaking of the high-energy symmetry subgroups SU(2)L′ ⊗ SU(2)R ⊗ U(1)B-L.
We finally introduce the super-heavy scalar flavon fields
Φ0 ∼ (1, 1, 1, 1, 0, 1, 1) , F1 ∼ (1, 1, 1, 1, 0, 8,−3) , F2 ∼ (1, 1, 1, 1, 0, 8, 2) ,
F3 ∼ (1, 1, 1, 1, 0, 8,−4) , F4 ∼ (1, 1, 1, 1, 0, 8, 4) , F5 ∼ (1, 1, 1, 1, 0, 8, 3) ,
F6 ∼ (1, 1, 1, 1, 0, 6, 0) , F7 ∼ (1, 1, 1, 1, 0, 6,−1) , F8 ∼ (1, 1, 1, 1, 0, 6,−2) . (5)
Under the family subgroup SU(3)F , Φ0 is a real singlet representation, and F1, · · · , F5
are all hermitian octet representations, and F6, · · · , F8 are all complex symmetric
sextet representations. In addition, these flavon fields have different charges of
U(1)N . They are responsible for the family symmetry breaking.
Under the model symmetry group, the gauge invariant Yukawa couplings in the
quark sector are such as
Lq = yq
[
Φ60
Λ6F
QLHη0R + η0LΩ1QR +
Φ80
Λ8F
η0LΩ2η0R
+
Φ0
ΛF
QLHη1R +
F1
ΛF
η1L Ω˜2QR +
Φ40
Λ4F
η1LΩ2η1R
+
Φ20
Λ2F
QLHη2R +
F2
ΛF
η2LΩ1QR +
Φ40
Λ4F
η2LΩ1η2R
+
Φ40
Λ4F
QLHη3R +
F3
ΛF
η3LΩ3QR +
Φ50
Λ5F
η3L Ω˜1η3R
+
Φ30
Λ3F
QLHη4R +
F4
ΛF
η4LΩ4QR +
Φ60
Λ6F
η4L Ω˜1η4R
+
Φ50
Λ5F
QLHη5R +
F5
ΛF
η5L Ω˜4QR +
Φ70
Λ7F
η5L Ω˜1η5R
]
+ h.c. , (6)
where yq is the uniform and only Yukawa coupling coefficient in the quark sector and
it should be ∼ O(1), in addition, ΛF is a dynamics scale of the family symmetry.
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Below the scale ΛF , all the flavon fields develop the vacuum states, and consequently
the family symmetry is broken. The Yukawa couplings in the lepton sector are
similarly written as
Ll = yl
[
Φ0
ΛF
LLHξ1R +
F1
ΛF
ξ1L Ω˜2LR +
Φ40
Λ4F
ξ1LΩ2ξ1R
+
Φ20
Λ2F
LLHξ2R +
F2
ΛF
ξ2LΩ1LR +
Φ40
Λ4F
ξ2LΩ1ξ2R
+
Φ40
Λ4F
LLHξ3R +
F3
ΛF
ξ3LΩ5LR +
Φ50
Λ5F
ξ3LΩ2ξ3R
+
Φ30
Λ3F
LLHξ4R +
F4
ΛF
ξ4L Ω˜5LR +
Φ60
Λ6F
ξ4LΩ1ξ4R
+
Φ50
Λ5F
LLHξ5R +
F5
ΛF
ξ5LΩ5LR +
Φ70
Λ7F
ξ5L Ω˜2ξ5R
]
+ h.c. , (7)
likewise, yl is the uniform and only Yukawa coupling coefficient in the lepton sector
and it is ∼ O(1). In comparison with the quark sector, the lepton sector is short
of the terms related to ξ0L and ξ0R , in addition, these Higgs fields coupled with
ξ3L, ξ4L, ξ5L are different from those in the quark sector. These differences play
key roles in generating the distinct masses and mixings of the quarks and leptons.
Finally, the right-handed leptons have the characteristic Majorana-type couplings
LRM = yRL
T
RΘ
∗
[
F6
ΛF
+
Φ0
ΛF
F7
ΛF
+
Φ20
Λ2F
F8
ΛF
]
Θ†
ΛF
LR , (8)
where yR is also a coupling coefficient, and it is ∼ O(1). Here we have left out the
charge conjugation matrix C sandwiched between two spinor fields, hereinafter so
does. The Majorana couplings will generate Majorana masses of the right-handed
neutrinos after the doublet Higgs Θ develops the vacuum expectation value (VEV).
III. Symmetry Breakings and Fermion Mass Matrices
The model symmetry breakings go through three stages. The first step of the
breaking chain is that the subgroups SU(3)F⊗U(1)N break to nothing, namely which
means that the family symmetry vanishes. This is accomplished by the flavon fields
Φ0, F1, · · · , F8 developing VEVs which are slightly larger than the scale ΛF . The
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specific vacuum structures of the flavon fields are as follows
〈Φ0〉
ΛF
=
1
ε0
,
〈F1〉
〈Φ0〉
=

 0 −3 −3−3 0 −3
−3 −3 0

, 〈F2〉
〈Φ0〉
=

 0 0 00 1 −1
0 −1 1

,
〈F3〉
〈Φ0〉
=

 0 0 00 0 0
0 0 2
3

, 〈F4〉
〈Φ0〉
=

 0 0 3 + i0 0 0
3− i 0 0

, 〈F5〉
〈Φ0〉
=

 0 −14 −i4√3−1
4
0 1
2
i
4
√
3
1
2
0

,
〈F6〉
〈Φ0〉
=

 2 0 00 2 0
0 0 2

, 〈F7〉
〈Φ0〉
=

 −32 1 11 −3
2
1
1 1 −3
2

, 〈F8〉
〈Φ0〉
=

 0 0 00 1 −1
0 −1 1

. (9)
All of the matrix elements, which are almost ∼ O(1), are determined by the vacuum
structures. The only one undetermined value is ε0 , which is the ratio of the family
symmetry scale to the singlet flavon field VEV. We consider that 〈Φ0〉 is two orders of
magnitude higher than ΛF , thus ε0 should be a small quantity about 10
−2
∼ 10−3.
It can be seen from (9) that the breakings of F1, F6, F7 occur along direction of
the subgroup S3 in the family space, which is a permutation group among three
generation fermions. The F2 and F8 breakings are in the direction of the subgroup
S2 (2 ↔ 3 permutation), while the F3 breaking is in the direction of the subgroup
S ′2 (1↔ 2 permutation). The breakings of F4 and F5 result in the family symmetry
being lost eventually, moreover, their imaginary elements are also sources of the
C and CP violation. Of course, these vacuum structures should essentially be
determined by the self-interaction potential of every flavon field. Here we do not go
into detailed discussion about them, but accept the specific breaking mode since it
turns out to be a great success in fitting experimental data later.
The second step of the breaking chain is that the subgroups SU(2)L′⊗SU(2)R⊗
U(1)B-L break to U(1)Y . This is achieved by the high-energy Higgs fields Ω1, · · · ,Ω5
and Θ developing VEVs at the scale ΛR as follows
〈Ω1〉
ΛR
=
(
−2 0
0 2
)
,
〈Ω2〉
ΛR
=
(
−6 0
0 −6
)
,
〈Ω3〉
ΛR
=
(
3 0
0 1
)
,
〈Ω4〉
ΛR
=
(
2 0
0 0
)
,
〈Ω5〉
ΛR
=
(
0 0
0 −1
)
,
〈Θ〉
ΛR
=
(
1
0
)
. (10)
The breaking scale ΛR should be an intermediate value between the family breaking
scale ΛF and the electroweak breaking scale. Therefore it is far smaller than the scale
ΛF and also far larger than the electroweak scale. The Higgs vacuum structures are
of course determined by their self-interaction potential. The new subgroup U(1)Y
is a linear combination from the original subgroups U(1)
IL
′
3
, U(1)IR
3
and U(1)B-L .
Their charge quantum numbers are related by the formula
Y
2
= IL
′
3 + I
R
3 +
B − L
2
. (11)
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Below the scale ΛR , the model remaining symmetry is namely the SM symmetry
group. Now it can be seen from the Lagrangian (6), (7), (8) that all of the super-
heavy fermions achieve Dirac masses, and that the right-handed neutrinos generate
Majorana masses. Because all of the super-heavy fermion masses are far greater
than their couplings with the SM fermions, at the low energy all of them are actually
decoupling. After all the super-heavy fermions are integrated out from the original
Lagrangian, then an effective Yukawa Lagrangian is derived as
LY ukawa =QLH2 Yu uR +QLH1 Yd dR + LLH1 Ye eR
+ LLH2 YD νR −
1
2
νTR MR νR + h.c. (12)
with Yukawa coupling matrices and Majorana mass matrix of the right-handed neu-
trinos
Yu = −yq
(
1
3
ε20 I + ε
2
0 F˜1 + ε0F˜2 +
3
2
F˜3 + ε
2
0 F˜4
)
,
Yd = −yq
(
−
1
3
ε20 I + ε
2
0 F˜1 + ε0F˜2 −
1
2
F˜3 − ε0F˜5
)
,
YD = −yl
(
ε20 F˜1 + ε0F˜2 +
1
2
ε20 F˜4
)
,
Ye = −yl
(
ε20 F˜1 + ε0F˜2 +
1
6
F˜3 +
1
6
ε0F˜5
)
,
MR = −
2 yR Λ
2
R
ε30 ΛF
(
2 ε20 I + ε0F˜7 + F˜2
)
, (13)
where I is a 3× 3 unit matrix and each F˜k is respectively the corresponding matrix
in (9) (note F˜8 = F˜2) . This low-energy effective theory, which is valid until the
scale ΛR , has two Higgs doublets. They are from the H decomposition under the
subgroups SU(2)L⊗U(1)Y . In addition, there are also three right-handed Majorana
neutrino singlets. Their masses are about the magnitude of Λ2R/ε
2
0ΛF , which should
be slightly smaller than the scale ΛR . It is very clear from (13) that there are indeed
some inherence relations among this set of Yukawa coupling matrices. They have
three notable characteristics. First, every Yukawa coupling matrix is expanded by a
power series of ε0 , thus it’s elements show themselves large hierarchy. The F˜3 and
F˜2 terms, namely the ε
0
0 and ε
1
0 terms, respectively dominate the third and second
generation fermion masses. The rest of terms make main contributions to the first
generation fermion mass. Second, the structure features of the Yukawa coupling
matrices lead that the transformation matrices diagonalizing Yu, Yd and Ye are all
close to unit matrices. By contrast, YD has no the F˜3 term, so the transformation
matrix diagonalizing it is approximately the tri-bimaximal mixing pattern. This is
the principal source of generating distinct flavor mixings for quarks and leptons.
Third, in all there are only four independent parameters ε0, yq, yl and yRΛ
2
R/ΛF in
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the effective theory. Among them, ε0 is the only one parameter influencing the flavor
mixing matrices except for those terms related to the I matrix. Other parameters
are only some product factors in the matrices of (13), so they have no effect on the
flavor mixings.
The last step of the breaking chain is that the subgroups SU(2)L⊗U(1)Y break
to U(1)em , namely electroweak symmetry breaking. It is implemented by the low-
energy Higgs fields H1 and H2 developing VEVs at the electroweak scale ΛL as
follows
〈H1〉
ΛL
=
(
0
cosβ
)
,
〈H2〉
ΛL
=
(
sinβ
0
)
, (14)
where tanβ is the ratio of the up-type VEV to the down-type VEV. The electroweak
breaking gives rise to Dirac masses of all the quarks and leptons, furthermore, the
tiny Majorana masses of the left-handed neutrinos are generated by the see-saw
mechanism since MR ≫ ΛL [19]. The whole fermion mass terms are eventually
written as
−Lmass = uLMu uR + dLMd dR + eLMe eR
+
1
2
νLMν νL
T +
1
2
νTR MR νR + h.c. (15)
with the mass matrices
Mu = −ΛLsinβ Yu , Md = −ΛLcosβ Yd ,
MD = −ΛLsinβ YD , Me = −ΛLcosβ Ye ,
Mν = −MDM
−1
R M
T
D . (16)
Two new parameters ΛL and tanβ are now added into the model besides the fore-
going four parameters. It can be seen from (13) and (16) that ΛL dominates mass
scales of the quarks and the charged leptons, while tanβ is responsible for mass
splits of the up-type and down-type fermions. Anyway, they have no influence on
the flavor mixings, the mass hierarchy and the flavor mixings are still controlled only
by ε0 . In a word, these mass matrices properly embody all the information that is
about fermion mass hierarchy, flavor mixing and the CP violation.
In virtue of the model’s intrinsic characteristics, the Dirac-type mass matrices are
all hermitian and the Majorana-type mass matrices are all complex symmetry. All
of fermion mass eigenvalues are therefore solved by diagonalizing the mass matrices
as follows
U †uMu Uu = diag (mu, mc, mt) , U
†
d Md Ud = diag (md, ms, mb) ,
U †e Me Ue = diag (me, mµ, mτ ) , U
†
ν Mν U
∗
ν = diag (m1, m2, m3) ,
UTR MR UR = diag (M1,M2,M3) . (17)
9
It can easily be calculated from(9), (13) and (16) that since the F˜3 and F˜2 terms
are respectively the leading and next-to-leading terms in the mass matrices, the
second and third generation quark and charged lepton masses have the approximate
solutions such as
mc ≈ yq ΛLsinβ(ε0 − ε
2
0) , mt ≈ yq ΛLsinβ(ε0 + 1) ,
ms ≈ yq ΛLcosβ(ε0 + 3 ε
2
0) , mb ≈ yq ΛLcosβ(ε0 −
1
3
) ,
mµ ≈ yl ΛLcosβ(ε0 − 9 ε
2
0) , mτ ≈ yl ΛLcosβ(ε0 +
1
9
) . (18)
In the leading approximation, it can be seen further that there are the mass relations
mc
mt
≈ ε0 ,
ms
mb
≈ −3 ε0 ,
mµ
mτ
≈ 9 ε0 . (19)
However, the first generation quark and charged lepton masses have no such simple
analytic expressions about their approximate solutions since they depend on all the
terms in the mass matrices. Finally, the flavor mixing matrices for the quarks and
leptons are respectively given by [20]
U †u Ud = UCKM , U
†
e Uν = UPMNS diag
(
eiβ1, eiβ2, 1
)
, (20)
where β1, β2 are two Majorana phases in the lepton mixing matrix. The mixing an-
gles and CP -violating phases in the unitary matrices UCKM and UPMNS are worked
out by the standard parameterization in particle data group [1].
IV. Numerical Results
In this section, we present numerical results of our model. As is noted earlier,
the model totally involves six independent parameters, namely one ratio ε0 , and
two Yukawa coefficients yq and yl , and two electroweak breaking parameters ΛL
and tanβ , and one combined parameter yRΛ
2
R/ΛF . Once this set of parameters are
chosen as the input values, we can calculate the various output values of the fermion
masses and flavor mixings by the foregoing results. Of course, all the output results
can be compared with the current and future experimental data.
First of all, the electroweak breaking scales ΛL is only one product factor in the
mass matrices. It is not truly a free parameters in Yukawa sector but rather should
be determined in the gauge sector. The accurate measures about weak gauge boson
masses and gauge coupling constant have given ΛL = 174 GeV. Secondly, the other
five parameters are verily relevant to the fermion flavor issues. They can only be
determined by fitting the experimental data in Yukawa sector and neutrino physics.
We choose a set of the following values as input
ε0 = 0.00748 , yq = 0.98 , yl = 1.139 ,
tanβ = 13.24 ,
yRΛ
2
R
ΛF
= 1.91× 104 GeV . (21)
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All the values are completely consistent with the prior estimate. However, both of
the ΛR and ΛF values are actually unknown. We only estimate their combined value
Λ2R/ΛF ∼ 10
4 GeV. As a result, ΛR will be 10
10 GeV if ΛF is at the GUT scale 10
16
GeV. Finally, a variety of the numerical results predicted by the model are in detail
listed the following.
For the quark sector, all of mass eigenvalues and mixing angles are (mass in GeV
unit)
mu = 0.00253 , mc = 1.27 , mt = 171.3 ;
md = 0.00475 , ms = 0.105 , mb = 4.19 ;
s q12 = 0.2254 , s
q
23 = 0.0417 , s
q
13 = 0.00360 , δ
q = 0.379 pi ≈ 68.2◦ , (22)
where sαβ = sinθαβ . Moreover, the Jarlskog invariant measuring the CP violation
is calculated to
J qCP ≈ 3.06× 10
−5 . (23)
The above results are very well in agreement with the current measures about the
quark masses and mixing as well as the CP violation [1]. In particular, the first
generation quark masses are finely forecast although their precise values have not
been measured so far.
For the lepton sector, the parallel results are
me = 0.5116 MeV , mµ = 105.6 MeV , mτ = 1777 MeV ;
m1 = 3.0× 10
−4 eV , m2 = 8.76× 10
−3 eV , m3 = 4.95× 10
−2 eV ;
s l12 = 0.560 , s
l
23 = 0.676 , s
l
13 = 0.0576 ,
δ l = −0.0058 pi , β1 = 0.53 pi , β2 = 0.017 pi . (24)
The charged lepton masses are almost identical with those in the particle list [1]. For
the light left-handed neutrinos , some quantities related directly to the experimental
data are particularly calculated such as
△m221 ≈ 7.66× 10
−5 eV2 , △m232 ≈ 2.37× 10
−3 eV2 ,
sin2θ l12 ≈ 0.314 , sin
2θ l23 ≈ 0.457 , sin
2θ l13 ≈ 0.0033 ,
〈mββ〉 ≈ 2.7× 10
−3 eV , J lCP ≈ −2.4× 10
−4 , (25)
where △m2αβ = m
2
α −m
2
β , and
〈mββ〉 =
∣∣∣∣m1 (c l12c l13eiβ1)2 +m2 (s l12c l13eiβ2)2 +m3 (s l13e−iδl)2
∣∣∣∣ (26)
is the effective Majorana mass for neutrinoless double beta decay. These results
are excellently in agreement with the recent neutrino oscillation experimental data
[21]. The heaviest one of the left-handed neutrino masses is less than 0.05 eV. The
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value of θ l13 is predicted to be ∼ 3.3
◦. It is rather small but nonzero. In addition,
there is also small CP -violating effect in the lepton sector because the three CP -
violating phases are all non-vanishing values. The J lCP value is predicted to be one
magnitude higher than that in the quark sector. The value of 〈mββ〉 is only of the
order of 10−3, therefore it is very difficult to detect 0νββ. Although measures about
these quantities are still great challenges in the future neutrino experiments, we have
confidence that all the predictions are promising to be tested in the near future.
Finally, we also give the heavy right-handed neutrino masses (in GeV unit)
M1 = 3.5× 10
8 , M2 = 1.7× 10
9 , M3 = 1.8× 10
11 . (27)
It is clear that their mass scale is nearly the middle point between the electroweak
scale and the GUT scale. However, these right-handed Majorana neutrinos are too
heavy to be found at the present colliders. Maybe they are possibly hunted in cosmic
rays [22].
To sum up the above numerical results, the model accurately fits the total twenty-
five values about fermion masses and flavor mixings only by the six parameters. All
the current measured values are exactly reproduced by our model, meanwhile, all
the non-detected values are finely predicted in experimental limits. All the results
are naturally produced without any fine tuning. That set of the mass matrices
derived from the family symmetry and its breaking are key for the success of the
model, among them, the parameter ε0 plays a leading role. It is not only a source of
the fermion mass hierarchy but also influences the flavor mixings, so it is actually a
fundamental quantity in the model.
V. Conclusions
In the paper, we have suggested a new particle model based on the symmetry
group SU(3)C ⊗ SU(2)L ⊗ SU(2)L′ ⊗ SU(2)R ⊗ U(1)B-L ⊗ SU(3)F ⊗ U(1)N . By
means of the introduced super-heavy fermion, flavon and Higgs fields, the model
carries out the two steps of breakings, namely the family symmetry breaking and
the high-energy isospin symmetry breaking one after another. After the super-
heavy fermions are all decoupling, we obtain the low-energy effective theory with
the SM symmetry group. All the Yukawa coupling matrices show some regular
structures and inherence relations. Among other things, the two key factors are
the parameter ε0 and the specific flavor structures which all stem from the family
symmetry and it’s breaking. After the electroweak breaking, all the fermion mass
matrices are characterized only by the six parameters. The model can perfectly fit
and explain all the current experimental data about the fermion masses and flavor
mixings, in particular, it finely predicts the first generation quark masses and the
values of θ l13, 〈mββ〉, J
l
CP in neutrino physics. On all accounts, the model has only
fewer parameters but shows a great prediction power, moreover, all the results are
excellent and encouraging. This approach perhaps enlightens us on solving the flavor
12
puzzles of the elemental fermions. Finally, we expect all the results to be tested in
future experiments on the ground and in the sky. The experiments will undoubtedly
provide us some important information about the flavor physics, and also help us
to understand finely the mystery of the universe.
Acknowledgments
The author, W. M. Yang, would like to thank my mother and wife for long
concern and love. My work is supported largely by them. This research is supported
by chinese universities scientific fund.
References
[1] C. Amsler et al. [Particle Data Group], Phys. Lett. B 667, 1 (2008).
[2] G. Altarelli, M. W. Grunewald, Phys. Reps. 403-404, 189 (2004).
[3] H. Fritzsch and Z. Z. Xing, Prog. Part. Nucl. Phys. 45, 1 (2000); R. N. Mohapa-
tra and A. Y. Smirnov, Annu. Rev. Nucl. Part. Sci. 56, 569 (2006); H. Fritzsch,
Int. J. Mod. Phys. A 24, 3354 (2009); K. S. Babu, arXiv:0910.2948.
[4] A. Hocker and Z. Ligeti, Annu. Rev. Nucl. Part. Sci. 56, 501 (2006); R. Fleischer,
arXiv:hep-ph/0608010; L. Camilleri, E. Lisi, and J. F. Wilkerson, Annu. Rev.
Nucl. Part. Sci. 58, 343 (2008); R. N. Mohapatra, et al., Rep. Prog. Phys. 70,
1757 (2007).
[5] Y. Fukuda et al. [Super-Kamiokande Collaboration], Phys. Rev. Lett. 81, 1562
(1998); Phys. Rev. Lett. 85, 3999 (2000); M. Apollonio et al. [CHOOZ Col-
laboration], Phys. Lett. B 466, 415 (1999); Eur. Phys. J. C 27, 331 (2003); K.
Eguchi et al. [KamLAND Collaboration], Phys. Rev. Lett. 90, 021802 (2003);
Q. R. Ahmad et al. [SNO Collaboration], Phys. Rev. Lett. 89, 011301 (2002).
[6] F. T. Avignone III, S. R. Elliott, J. Engel, Rev. Mod. Phys. 80, 481 (2008).
[7] M. Bona, et al.[UTfit Collaboration], JHEP 0803, 049 (2008).
[8] P. F. Harrison, D. H. Perkins and W. G. Scott, Phys. Lett. B 530, 167 (2002).
[9] H. Nunokawa, S. Parke and J. Valle, Prog. Part. Nucl. Phys. 60, 338 (2008).
[10] M. Dine and A. Kusenko, Rev. Mod. Phys. 76, 1 (2004); W. Buchmuller, R. D.
Peccei and T. Yanagida, Annu. Rev. Nucl. Part. Sci. 55, 311 (2005).
13
[11] S. Davidson, E. Nardi and Y. Nir, Phys. Reps. 466, 105 (2008); E. Aprile and
S. Profumo, New J. Phys. 11, 105002 (2009); K. Jedamzik and M. Pospelov,
New J. Phys. 11, 105028 (2009).
[12] G. Altarelli, arXiv:hep-ph/0610164; C. H. Albright and M. C. Chen,
arXiv:hep-ph/0608137; G. Ross and M. Serna, arXiv:0704.1248.
[13] C. D. Froggatt and H. B. Nielsen, Nucl. Phys. B 147, 277 (1979).
[14] G. Altarelli and F. Feruglio, Nucl. Phys. B741, 215 (2006).
[15] S. F. King and G. G. Ross, Phys.Lett. B 574, 239 (2003); G. G. Ross and L.
Velasco-Sevilla, Nucl. Phys. B692, 50 (2004); I. M. Varzielas and G. G. Ross,
Nucl. Phys. B733, 31 (2006); S. Antusch, S. F. King, M. Malinsky, JHEP 0806,
068 (2008).
[16] W. M. Yang and H. H. Liu, Nucl. Phys. B820, 364 (2009).
[17] M. C. Chen and K. T. Mahanthappa, Int. J. Mod. Phys. A 18, 5819 (2003); G.
L. Kane, S. F. King, I. N. R. Peddie and L. V. Sevilla, JHEP 08, 083 (2005); S.
F. King, JHEP 08, 105 (2005); C. Hagedorn, M. Lindner and R. N. Mohaptra,
JHEP 06, 042 (2006); W. M. Yang and Z. G. Wang, Nucl. Phys. B707, 87
(2005).
[18] J. C. Pati and A. Salam, Phys. Rev. D 10, 275 (1974); R. N. Mohapatra and
G. Senjanovic´, Phys. Rev. D 23, 165 (1981).
[19] M. Gell-Mann, P. Ramond, R. Slansky, in Supergravity, eds. P. van Niewen-
huizen and D. Z. Freeman (North-Holland, Amsterdam, 1979); T. Yanagida, in
Proc. of the Workshop on Unified Theory and Baryon Number in the Universe,
eds. O. Sawada and A. Sugamoto (Tsukuba, Japan, 1979); R. N. Mohapatra,
G. Senjanovic´, Phys. Rev. Lett. 44, 912 (1980).
[20] M. Kobayashi and T. Maskawa, Prog. Theor. Phys. 49, 652 (1973); B. M.
Pontecorvo, Sov. Phys. JETP 6, 429 (1958); Z. Maki, M. Nakagawa and S.
Sakata, Prog. Theor. Phys. 28, 870 (1962).
[21] M. C. G.-Garcia, M. Maltoni, Phys. Reps. 460, 1 (2008); T. Schwetz, M. Tortola
and J. Valle, New J. Phys. 10, 113011 (2008); G. L. Fogli, E. Lisi, A. Marrone,
A. Palazzo, Pro. Part. Nucl. Phy. 57, 742 (2006); E. Lisi, Pro. Part. Nucl. Phy.
64, 171 (2010).
[22] H. D. Hoffman, New J. Phys. 11, 055006 (2009); A. D. Dolgov, Phys. Reps.
370, 333 (2002); S. Hannestad, New J. Phys. 6, 108 (2004).
14
